
380 Sparingly Soluble Selenites

COMPONENTS:
1. Sllver selenlte; Ag2Se03; [7784-05-6]

2a. Nltrlc aCld; HN03 ; [7697-37-2]

2b. Sulfurlc aCld; H2S04 ; [7664-93-9]

3. Water; H20; [7732-18-5]

VARIABLES:
NH03 and H2S04 concentrations

One temperature: 293 K

ORIGINAL MEASUREMENTS:
Chukhlantsev, V.G.

Zh. Neorg. Khim. 1956, 1, 2300; *Russ.
J. Inorg. Chem. 1956, 1, 132.

PREPARED BY:

!'Iary R. Masson

EXPERIMENTAL VALUES:
Concentrations are expressed in units of mol dm-3•

2.61 6.12 x 10-4 3.21 5.60
2.31 1.51 x 10-3 2.82 6.05

is KsO = 9.7 x 10-16 mo1 3dm-9 .

(pKsO = 15.01)

8.52 x 10-4 3.07
1.59 x 10-3 2.80

Soln. Inltlal
pH

HN03 2.24
2.00

H2SO4 2.35
2.06

The average value

Final
pH

2.43
2.27

[Ag+] pAg log cxL(H)

5.83
6.10

p[SeO~-]

9.20
9.20

9.11
9.17

15.34
14.80

15.53
14.81

Notes.

[Se tot ] = [Ag2+] and [SeO~-] = [Setot]/cxL(H)

where cxL(H) = (l + [H+]/K2 + [H+]2/K1K2 ) (refs. 1 and 2) and the aCld

dlssoclatlon constants have the values K1 = 4 x 10-3 mol dm-3 and

K2 = 1.0 x 10-8 mol dm-3 (ref. 1).

AUXILIARY INFORHATION

METHOD APPARATUS/PROCEDURE:

Solutions of nltric and sulfurlc aClds
were saturated with sllver selenite by
stlrrlng In a thermostat at 20°C for 8 hr.
The remainlng solld phase was removed by
centrlfugatlon, then the pH was measured
("Mosklp" pH meter, to 0.01 pH unit) and the
slIver concentratlon was determlned (method
not stated).

SOURe!'. AND PURITY OF HAHRIALS:
C.P.-grade reagents were used. SlIver
selenlte was prepared by mlxlng
stolchlometric amounts of O.lN solutlons
of selenious aCld and slIver nitrate In
the dark, then the preclpitate was washed
wlth water and drled at 40°C. SlIver was
determlned by the Vol hard method and
selenium gravimetrlcally after
precipltatlon with hydrazlne.

ESTIMATED ERROR:

The spread fn the results is 0.73 of a log
unit.

REFERENC!'.S:

1. Rumpf, P. Compt. Rendu 1933, 197, 686.
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COMPONENTS:

1. Silver selenlte; Ag2Se03; [7784-05-6]

2. Water; H20; [7732-18-5]

ORIGINAL MEASUREMENTS:

Sellvanova, N.M.; Leshchlnskaya, Z.L.;
Klushlna, T. V.

Zhur. FIZ. Khim. 1962, 36, 1349; *Russ.
J. Phys. Chem. 1962, 36, 719.

VARIABLES: PREPARED BY:

One temperature: 298 K Mary R. Masson

Has equlllbrium been
reached?

Hydrolysls of selenlte
neglected.

EXPERIMENTAL VALUES:
All concentratl0ns are expressed in unlts of mol dm-3 •
Concentratlon Solubillty

Product

Tlme of mlxlng

(days) at
6
7
7
8

10
Mean

The compiler has recalculated the results to take account of the hydrolysis of the
selenlte lons; the computer program HALTAFALL (2) was used, and the values for the
dlssoclation constants were those of Haglsawa (3) - pK1 = 2.62, pK2 = 8.32.

Concentratl0n Total conc. Conc. of SeO~- Solublllty

of Ag+ of seleni6e Product
8.26 x 10-6 4.13 x 10-

6
2.058 x 10-6

8.28 x 10-6 4.14 x 10- 2.065 x 10-6

8.30 x 10-6 4.15 x 10-6 2.072 x 10-6

8.30 x 10-6 4.15 x 10-~ 2.072 x 10-6

8.34 x 10-6 4.17 x 10- 6 2.085 x 10-6
8.31 x 10-6 4.155 x 10- 2.075 x 10-6 1.433 x 10-16 mol3 dm-9 (pKsO = 15.84)

It should be noted that the calculatl0n of [SeO~-] assumes that the water used for
dlSSolutlon of the SlIver selenite was extremely pure and had a pH not slgnlficantly
differing from 7. If the pH was slgnlflcantly dlfferent from 7 (e.g. because of the
presence of dissolved carbon dioxlde) hydrolysls of the selenlte 10n would have occurred
to a greater or lesser extent.

AUXILIARY INFORHATION

METHOD APPARATUS/PROCEDURE:

Solld SlIver selenite was equilibrated with
water for 7 - 10 days, ln a thermostat at
25°C ± O.l°C. The concentratlon of silver
ln the Solutlon was determined
turbldimetrically as follows. To 2 - 10 ml
of the Solutl0n were added 10 drops of a 1%
gelatln solution and 2 ml of HCI (1:1), and
the solution was diluted to 100 mI. After
15 mln, the absorbance was measured (blue
filter) (ref. 1).

SOURC!:. AND PURL IT OF MAURI ALS;

Silver selenlte was prepared by mlxing
O.lN Solutlons of SlIver nltrate and
sodium selenlte in stolchl0metrlc
proportions, washlng several tlmes with
warm water, and drying at 40°C.

ESTIMATED ERROR:
s = 0.03 x 10-16 mol 3dm-9 (estlmated from
the range of rigults on days 7- 10).
s = 0.02 x 10- (for recalculated results)

REFERENCES:
1. Selivanova, N.M.; Zubova, G.A.;

Flnkel'shtein, E.I. Zh. Fiz. Khim.
1959, 33, 2365; Russ. J. Phys. Chem.
1959, 33, 430.

2. Ingri, N.; KakolowlCZ, W.; Sillen, L.G.;
Warnqvist, B. Talanta 1967, 14, 1261.

3. Haglsawa, H. Bull. Inst. Phys. Chem.
Res. Tokyo, 1939, 18, 648.
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COMPONENTS:
1. Silver selenite; Ag2Se03i [7784-05-6]

2. SodIum perchlorate; NaCl04 ; [7601-89-0]

3. Selenous acid; H2Se03i [7783-00-8]

4. Water: H20; [7732-18-5]
(Exnenment A)

ORIGINAL MEASUREMENTS:

1. Mehra, M.C.: Gubeli, A.O.
Radiochem. Radioanal. Lett. 1969, 2, 61.

2. Mehra, M.C.
DIssertation Laval University, Quebec
P.Q., 1968.

VARIABLES: PREPARED BY:
One temperature: 298 K
pH was varied by addItion of HClO~ o~ NaOH Mary R. Masson
Ionic strength was kept at 1 mol m-

EXPERIMENTAL VALUES:
All concentrations are expressed in terms of -log of mol d -3m •

pH pAg pH pAg pH pAg pH pAg pH pAg

1.20 3.22 1.60 3.51 2.57 4.30 6.30 6.10 12.55 7.14
1.25 3.24 1.67 3.56 2.75 4.47 6.85 6.47 12.75 7.11
1.28 3.26 1.70 3.64 2.78 4.47 7.65 6.77 12.77 7.09
1.30 3.31 1. 75 3.70 3.05 4.64 7.65 6.77 12.80 7.16
1.35 3.34 1.85 3.73 3.45 4.84 8.20 6.94 13.00 7.08
1.37 3.34 1.95 3.81 3.70 4.98 8.80 7.03 13.00 7.06
1.45 3.37 2.00 3.91 4.00 5.22 9.17 7.08 13.00 7.12
1.47 3.43 2.25 4.07 4.30 5.22 10.30 7.16 13.05 7.11
1.50 3.43 2.35 4.18 5.12 5.77 11.50 7.25 13.07 7.04
1.55 3.48 2.40 4.27 5.82 6.13 11.65 7.20
1.57 3.49 2.48 4.32 6.05 5.86 11.95 7.20

From the last 13 results, when pH > pK2 for H2Se03' the author calculated that
pKsO = 2pAg = 2pSe03 = 15.58, s = ±0.12. (This assumed that pSe03 remained constant at
the Initial value of 1.32.)

The aCId dissociation constants of selenous acid were also evaluated from thIs set of
data: the values found were pKl = 2.26 and pK2 = 8.12.

(continued on next page)

AUXILIARY INFORHATION

METHOD APPARATUS/PROCEDURE:
PrecIpitatIons were done in 100-ml standard
flasks kept in a water bath at 25°C. The
lIgand was always added last. The initial
concentration of silver ions was 4.79 x la-3M
and of selenous acid 4.79 x 10-2M. The pH
was adjusted to the requIred value by
additIon of sodium hydroxide or perchloric
aCId. Sealed flasks were eqUIlIbrated for
SIX days. pH and pAg were measured
potentiometrically in the aqueous phase after
removal of the solid phase by filtration
through a frIt, under nitrogen. The
potentIometrIc determination of silver was
done WIth a silver metal electrode and a
calomel electrode fIlled WIth 1M sodium
perchlorate solution. EO for this cell was
determined by measuring its potentIal WIth
solutions of known [Ag+] in 1M sodium
perchlorate.

SOURCl AND PURITY Of ~~TlRIALS:

The water used was demineralized and
deoxygenated, and stored under nitrogen.
The selenous aCId used was of reagent
grade.

lSTIMATED ERROR:

s = 0.2 log unIts for all the data.
(compiler)

REFERENCES:
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COMPONENTS:
1. SlIver selen1te; Ag2Se03; [7784-05-6]

2. Sodium perchlorate; NaCI04 ; [7601-89-0]

3. Selenous aC1d; H2Se03; [7783-00-8]

4. Water; H20; [7732-18-5]
(Expenment A)

COMMENTS AND/OR ADDITIONAL DATA

ORIGINAL MEASUREMENTS:

1. Mehra, M.C.; Gubeli, A.O.
Radiochem. Radloanal. Lett. 1969, 2, 61.

2. Mehra, M.C.
Dlssertation Laval Un1versity, Quebec
P.Q., 1968.
(contlnued)

The standard

The complIer used the values for K1 and K2 determined by the authors to allow a value for

KsO based on the complete set of data to be evaluated. That 1S, a value for [SeO§-] was

calculated for each p01nt as follows.

Amount of Ag prec1p1tated = 1nitial Ag - free Ag

Total Se 1n Solut10n = initial Se - precip. Se = 1n1tial Se - (ppt Ag/2)

[SeO§-] = (Total Se 1n solut1on)/(1 + [H+]/K2 + [H+]2/K1K2 ).

The KsO = [Ag+]2[SeO§-].

A value of 2.36 x 10-16 mol3 dm-9 was found for KsO (PKsg = 15.63).
dev1at10n est1mate, s expressed in logar1thmic terms 1S .2.
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COMPONENTS:

1. Silver selen1te; Ag2Se03; [7784-05-6]

2. Sod1um perchlorate; NaCl04 ; [7601-89-0]

ORIGINAL MEASUREMENTS:

1. Mehra, M.C.; Gubeli, A.O.
Radiochem. Radioanal. Lett. 1969, 2, 61.

3.

4. Water;

[7783-00-8 ] 2. Mehra, M.C.
D1ssertation Laval Univers1ty, Quebec
P.Q., 1968.

- -
3.16 -
3.66 -
4.10 4.42
4.42 4.61
4.68 4.80
4.90 (5.00)

(5.07) (5.19)
(5.24) (5.38)
(5.41) (5.57)
5.58 5.75
5.65 5.76
5.65 5.77
5.59 5.48
5.43 5.22
5.28 5.05
5.20 5.00

10-3 mol dm-3 for the first two sets of
(cont1nued on next DaQe)

VARIABLES: PREPARED BY:
One temperature: 298 K
Total selenous aC1d concentrat10n was varied, Mary R. Masson
and also pH, by addition of HCl04 or NaO~.

The 10nic strength was kept at 1 mol dm- •
(SUMMARY)

EXPERIMENTAL VALUES:
Concentrations are expressed in terms of -log of mol dm-3 •
pAgtot pAgtot pAgtot

pH [H2Se03]tot = 0.00646 mol dm-3 [H2Se03]tot = 0.1 mol dm-3 [H2Se03]tot = 0.1995 mol dm-3

1.0 2.26
1.5 2.76
2.0 3.18
2.5 3.57
3.0 3.93
3.5 4.18
4.0 4.42
4.5 (4.64)
5.0 (4.87)
5.5 (5.10)
6.0 5.32
6.5 5.49
7.0 5.60
7.5 5.65
8.0 5.65
8.5 5.65
9.0 - 12.0 5.65

The compiler summarized the results by plotting all the authors' experimental points,
drawing smooth curves through them, then abStract1ng values at regular 1ntervals of pH.
Values in brackets are in reg10ns of pH where there were no experimental points, but where
1nterpolat10n seems to be justif1ed.

The in1tial concentrat1~n of ~1lver 10ns was 3.63 x
results and 3.98 x 10- mol- for the third.

AUXILIARY INFORNATION

METHOD N'PARATUS/PROCEDURc:

Prec1pitations were done in 100-ml standard
flasks kept 1n a water bath at 25°C. The
ligand was always added last. The pH was
adjusted by means of HCl04 and NaOH only.
Sealed flasks were equ1l1brated for six
days. A rad10act1ve s1lver solution was
used to enable the total concentratIon of
silver in solut10n to be determIned by
sC1nt1llat10n spectrometry. RadIoactivity
of three 5-ml samples of fIltered aqueous
phase was measured by means of a Phi11ps
SIngle y-spectrometer, with a well-type
NaIITl crystal. Count rates were observed
under the photopeak. pH was determ1ned
potentlometr1cally 1n the aqueous phase.

SOU ReI:. AND PURl TY OF ~IAH.RI ALS:

The silver isotope used was 110Ag , with a
half-life of 249 days, ES = 0.54 MeV, and
Ey = 0.66, 0.88 MeV. The radiotracer was
m1xed with inactive solut10n in such a
proport10n that the count rate at 1000-fold
dilut10n would be measurable. A m1nimum
count rate of 20 cpmlml at a calculated
dilut10n to 10-8M was always ma1ntained.
In the linal samples, a min1mum of 1000
counts was taken. The calibration graph
was redrawn for every experiment.

I:.STlMATED ERROR:

REFERENCES:

1. Ingri,N.; Kakolowicz, W.; Sillen, L.G.;
Warnqv1st, B. Talanta 1967, 14, 1261.
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COMPONENTS:
1. Silver selenite; Ag2Se03; [7784-05-6]

2. Sodium perchlorate; NaCl04 ; [7601-89-0]

3. Selenous acid; H2Se03; [7783-00-8]

4. Water; H20; [7732-18-5]
(Experiment B)

COMMENTS AND/OR ADDITIONAL DATA

ORIGINAL MEASUREMENTS:

1. Mehra, M.C.; Gubeli, A.O.
Radiochem. Radioanal. Lett. 1969, 2, 61.

2. Mehra, M.C.
Dissertat~on Laval University, Quebec
P.Q., 1968.
(contwued)

From this set of data, the authors conclude that the concentration of silver in solution
starts increasing at around pH 8, and soon reaches a value that is independent of pH.
The behaviour at pH values below 8 conforms to that expected if no complexes are formed
between s1lver 10ns and H2Se03 or HSe03' However, the enhanced solubility at higher pH
values suggests that complexes must be formed between s1lver 10ns and Se05-.

The compiler d1d calculations with this set (B) of data similar to those done with set
(A), but w1th an addit10nal correction for complex formation. The values found for pKsO
were 14.72 (s = 0.5), 14.86 (s = 0.4) and 15.06 (s =0.35) for the three selenite
concentrations.

The compiler has used the values calculated by the authors for pKsO ' 81 and 82 to do a
back-calculation of the solubility expressed as [Ag]tot. The calculated values for pAg
corresponding to listed experimental ones are tabulated below.

pH [H2Se03]tot = 0.00646 mol

1.0 2.49
1.5 2.93
2.0 3.35
2.5 3.72
3.0 4.03
3.5 4.30
4.0 4.56
4.5 4.81
5.0 5.06
5.5 5.31
6.0 5.56
6.5 5.80
7.0 6.01
7.5 6.18
8.0 6.26
8.5 6.26
9.0 6.26

10.0 6.25
11.0 - 12.0 6.25

dm-3 [H2Se03]tot = 0.1
3.09
3.56
4.00
4.38
4.69
4.97
5.22
5.47
5.72
5.95
6.15
6.26
6.22
6.02
5.75
5.54
5.43
5.38
5.37

mol dm-3 [H2Se03]tot = 0.1995 mol dm-3

3.40
3.72
4.15
4.53
4.84
5.12
5.37
5.62
5.86
6.08
6.23
6.25
6.10
5.79
5.44
5.19
5.06
5.00
4.99

The computer program HALTAFALL (1) was used for the calculations.



386

COMPONENTS:

Sparingly Soluble Selenites

ORIGINAL MEASUREMENTS:

SlIver selenlte; Ag2Se03; [7784-05-6]

Sodlum perchlorate; NaCl04 ; [7601-89-0]

Selenous aCld; H2Se03; [7783-00-8]

1.

2.

3.

4. Water; H20; [7732-18-5]
(Exnenment C)

1. Mehra, M.C.; Gubeli, A.O.
R8diochem. Rad~o8nal. Lett. 1969, 2, 61.

2. Mehra, M.C.
DIssertation Laval UniversIty, Quebec
P.Q., 1968.

VARIABLES: PREPARED BY:
One temperature: 298 K
The total selenIte concentration was varied. Mary R. Masson
The pH and lonlC strength were kept constant.

EXPERIMENTAL VALUES:
ConcentratIons are expressed

[SeO~-]tot
0.001
0.003
0.005
0.008
0.010
0.020
0.030
0.050
0.070
0.090

pAgtot
6.00
6.22
6.15
6.15
6.17
5.97
5.92
5.72
5.62
5.42

in unIts of mol

[SeO~-]tot
0.100
0.200
0.300
0.400
0.500
0.600
0.700
0.800
0.900

d -3m •

pAgtot
5.36
4.97
4.75
4.55
4.42
4.32
4.25
4.19
4.18

From thIS set of data, the authors evaluated the stabIlIty constants for the complexes
Ag(Se03)- and Ag(Se03)~-' The values found were log 81 = 2.42 and log 82 = 3.76. The
value for pKsO of 15.58, as calculated prevIously by these authors, was used In the
calculatlon.

Note: 82 =
[Ag(Se03)~-]

[Ag+](SeO~-]2

AUXI LI ARY INFORHATlON

METHOD A1'PARATlIS /PROCI:.DURr,:

PrecIpItatIons were done In 100-ml standard
flasks kept In a water bath at 25°C. The
lIgand was always added last. The pH was
adjusted to 9.40-9.75 by additIon of HCl04
and NaOH only. Sealed flasks were
equIllbrated for SIX days. A radioactive
SlIver solution was used to enable the total
concentration of SlIver In solution to be
determlned by sClntillation spectrometry.
The radloactlvlty of three 5-ml samples of
flltered aqueous phase was measured by means
of a Phlllps slngle y-spectrometer, with a
well-type NaI/Tl crystal. Count rates were
observed under the photopeak. The
callbratlon graph was redrawn for every
experlment.

SOURCt AND PUR11~ OF ~~TERIALS:

The silver Isotope used was 110Ag , with a
half-life of 249 days, E8 = 0.54 MeV, and
Ey = 0.66, 0.88 MeV. It was obtained from
Atomic Energy of Canada Ltd., Chalk River,
Ontario, Canada. The radI0tracer was mixed
with inactIve solution In such a proportion
that the count rate at 1000-fold dIlutIon
would be measurable. A mInImum count rate
of 20 cpmlml at a calculated dilution to
10-8M was always maintained. In the fInal
samples, a minimum of 1000 counts was taken.

tSTlMATED ERROR:

s = 0.12 for log 81 and s = 0.05 for log 82 ,
(compiler)

REFERENCES:
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COMPONENTS:
1. S~lver selenite; Ag2Se03; [7784-05-6]

2. Sod~um perchlorate; NaCl04 ; [7601-89-0]

3. Selenous acid; H2Se03; [7783-00-8]

4. Water; H20; [7732-18-5]
(Experiment C)

COMMENTS AND/OR ADDITIONAL INFORMATION

ORIGINAL MEASUREMENTS:

1. Mehra, M.C.; Gubeli, A.a.
Radiochem. Radioanal. Lett. 1969, 2, 61.

2. Mehra, M.C.
D2ssertation Laval University, Quebec
P.Q., 1968.

The authors deduced that the two complexes formed are AgSe03 and Ag(Se03)~- from the
behaviour of the solub~lity, expressed ~n terms of [Ag]t t as a function of the
concentrat~on of selen~te. A plot of log [Ag]tot vs. [SeOj-] has two distinct linear
regions with slopes of -0.5 and -1.5. A value for 62 was calculated from the data
correspond~ng to a slope of -1.5, by assuming that essentially all the silver in solut~on

would be present as Ag(Se03)~-; ~. [Ag(Se03)~-] = [Ag]tot' A value for 61 was
calculated then from the data corresponding to a slope of -0.5, by setting [Ag]tot =
[AgSe03] + [Ag(Se03)2]' and utilizing the value already calculated for 62 to calculate
[Ag(Se03)~-]' For both calculations, [Ag+] was calculated from KsO = [Ag+]2 x [SeOj-].

Compiler's comments: the compiler felt that the extensive sets of data from exper~ments

Band C should be further ut~lized to confirm and improve the value derived for KsO from
the first series of experiments (A). However, this was not found to be possible; ~n

fact, the sets of data are not consistent, and even the three subsets of data ~n the
second series of experiments are not consistent with one another. The conclusion has to
be that one or other, or both, of the experimental procedures must be faulty. In view
of the lack of cons~stency even among the data of the second series of experiments, it
seems that the rad~ochemical technique is the one that is more l~kely to be faulty.
Also, the potentiometric technique used in the first series would have been expected to
be more rel~able ~n any case. It ~s therefore suggested tentatively that the results
from ser2es one be regarded as rel~able, but that the values for log 61 and log 62 be
regarded with suspicion.
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COMPONENTS:

Sparingly Soluble Selenites

ORIGINAL MEASUREMENTS:

1. S11ver selenite; Ag2Se03; [7784-05-6]

2. Water; H20; [7732-18-5]

VARIABLES:

One temperature: 293 K

EXPERIMENTAL VALUES:

Chao, E.E.; Cheng, K.L.

Anal. Chern. 1976, 48, 267.

PREPARED BY:

Mary R. Masson

The 10nic strength was constant at 0.1 mol dm-3 (medium not stated)

pKsO " 15.45 ± 0.15

Concentrat10ns are g1ven in units of mol dm-3 .

Comp1ler's note

The values used for the aC1d d1ssoc1ation constants of se1enious aC1d are not g1ven, but
1f the determinat10n was done at pH 11.0, as it was for s1lver arsenite (I), the values
would have an almost neglig1ble influence on the value obta1ned for the solub111ty
product. Therefore, this value 1S probably a reasonably good est1mate of the
concentration solub1lity product.

The value would refer to a freshly prec1p1tated sol1d, and may therefore be expected to
d1ffer from values found by equ111br1um of solutions with aged sol1ds.

AUXI LI ARY INFORNATION

METHOD M'PARATUS/PROCEDUR£:

The solub111ty product was determ1ned from
data obtained by potentiometr1c titration of
a selen1te solut10n with a s1lver nitrate
solut10n. Silver ion activities were
measured by means of an Orion silver sulfide
electrode (94-16) and an Orion double
Junct10n reference electrode (90-02). Emf
readings were taken with a Corning model 10
pH meter w1th expanded scale.
Method of calculat10n is given in ref. (1).
This 1nvolved determining, from the E value,
pAg at the point of 1nc1pient prec1p1tat10n
of silver se1en1te.

SOURer. AND PURITY OF MAHRI ALS:

Reagent-grade chemicals were used.

ESTIMATlD ERROR:

Range in pKsO " ±O.15

REFERENCES:

1. Chao, E.E. Ph.D. Dissertat10n
University of M1ssouri, Kansas City,
Mo. 1975.


